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Microdialysis makes possible in vivo estimation of endoge-
nous and exogenous substances in the dermal extracellular 
space. Insertion of the microdialysis probe and its subsequent 
presence in the skin may affect both the reactivity of the skin 
test site and the measurement of target substances. Laser 
Doppler flowmetry is a non-invasive method for estimating 
cutaneous blood flow. A further development of this tech-
nique, laser Doppler perfusion imaging, has been used to 
study the time course of the circulatory changes caused in the 
area ?f m~crodialysis probe inse.rtion. Las:r Doppler perf~­
sion Imagl11g was performed pnor to, dunng, and after ml-
crodialysis probe insertion in the skin of the ventral forearm 
in three subjects. Probe insertion caused an increase in skin 
M icrodialysis is a bioanalytical sampling technique in which a probe is inserted into a tissue and the level of a chosen endogenous or exogenous sub-stance measured [1 ]. The method has been used chiefly in animal studies, where the bibliography 
is extensive. The first reports of the use of microdialysis in villa in 
humans concerned studies of the intercellular water space [2] and 
gl ucose metabolism in adipose tissue [3]. Recently, papers concern-
ing percutaneous absorption [4] and histamine release in skin [5,6] 
have been published as well as further studies of glucose metabolism 
[7,8]' . . . . I k ' f I I rd ' In our expenments , 111sertiOn 111tO t l e s "111 0 a stee s l a[te nu-
crodialysis probe equipped at the tip with a dialysis membrane is 
achieved via a guide. When in place the probe tip lies approximately 
3 ern from the point of insertion. The procedure is w ell tolerated by 
patients and volunteers, especially when the site of guide insertion is 
anesthetized by a 3-mm weal of anesthetic. 
Insertion of the microdialysis probe and its subsequent presence in 
the skin m ay affect the reactivity of the skin test site. In addition, 
tissu e changes in the immediate vicinity of the probe membrane 
may affect recovery characteristics and thus the measurement of 
target substances. It is usual to allow an " equilibration period" after 
probe insertion prior to measurement or provocation of the test site. 
The effects of the microdialysis probe insertion can broadly be 
classified as I) direct tra~l»la to cells and tissue caused by guide and 
probe insertion; II) circulatory effects over a wider area by axon rtiflex 
and other mechanisms; and III) inflammatory or 'Joreign body" reac-
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blood perfusion in the whole test area. About 15 min after 
probe insertion, the flare , which is presumed to be of chiefly 
axon reflex origin, began to subside and the circulatory re-
sponse could be seen to center around the site of insertion and 
the tip of the probe. Skin perfusion levels had returned to near 
normal levels within 60 min. Local anesthesia of the point of 
guide insertion inhibited the fl are, but did not affect circula-
tory reactivity in the skin nearby. Both microdialysis and 
laser Doppler perfusion imaging seem to be promising new 
methods in dermatologic research. Key words: in vivo/humar1/ 
aXOIl niflex/local anesthesia. ] Invest Dermatol 102:807-811, 
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tions to the probe. The magnitude of the direct trauma effects will 
depend on the dimensions of the guide and probe. Foreign body 
reactions will be more pronounced in the longer term. Axon reflex 
mechanisms, responsible for the fl are of the cutaneous triple re-
sponse of Lewis (local erythema, fl are and weal) [9], can be expected 
to be the most prominent short-term effects [10,11] . Indeed a tran-
sient flare of variable intensity and duration is often evident after 
probe insertion. Laser Doppler flowmetry is a useful , non-invasive 
method with w hich skin blood perfusion can be assessed [1 2]. A new 
development of this technique that gives a computerized image of 
skin blood perfusion is termed laser Doppler perfusion imaging 
(LDI) [13]. 
The aim of the present study was to use laser Doppler perfusion 
imaging to follow, at the point of insertion and in the test area 
around the probe, the degree and time course of skin circulatory 
changes after probe insertion. The effects of the use of local anes-
thetic at the site of guide insertion were also to be studied. 
MATEIUALS AND METHODS 
Subjects Subjects were the authors of the present paper. Subject A (maIe, 
43 years) had seasonal atopic rhinoconjunctivitis. Subjects B (male, 37 years) 
and C (female, 33 years) had no history of atopy. The study was approved by 
the Regional Ethics Committee for Human Research, Linkoping University 
Hospital. 
Microdialysis The microdialysis probe used (CMA/I0, CMA/Microdia-
lysis Research AD, Sweden) has a shaft length of 70 mm and a membrane 
length of 10 mm. The steel shaft of the probe has an outer diameter of 
0.64 mm. The diameter at the tip of the probe, where the polyamide dialysis 
membrane is located, is 0.5 mm. The molecular weight cutoff point for the 
membrane is 20 kD [4,5]. 
A site for insertion of the microdialysis probe Oll the ventral forearm was 
chosen so as to avoid obvious veins. When local anesthetic of the point of 
insertion was used, a 3-mm weal of local anesthetic was injected in trader-
malty. An apheresis needle (Terumo 1.60 X 32 mm) was inserted as a guide, 
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subcutaneously for the first 2 em and then intradermally for the last em to 
position the dialysis probe membrane as superficiallyas possible. The pro~e 
was inserted through the gUlde, whICh was then wIthdrawn and taped 1Il 
position. Thus, the dialysis membrane at the tip of the probe was about 3 cm 
from the point of insertion at a depth of around 1 mm. Ultrasound measure-
ment (Dermascan A) (14] gave the actual depth. The probe was perfused 
with physiological (Ringer's) solution at room temperature. 
Laser Doppler Perfusion Imaging LDI is a computer controlled system 
that uses a low power He-Ne laser to scan the tissue. At each site, moving 
blood cells give rise to Doppler shifts in the backscattered light. These 
Doppler components are detected and processed to generate an output signal 
(within the range 0- 10 V) that is linearily proportional to tissue blood 
perfusion. The main proportion of the Doppler signal originates from the 
upper 200-300 J.Lm of the skin [15]. When all measurement values have 
been captured and stored by the system a color-coded image is displayed on 
the monitor. Appropriate data analysis and statistical calculations can then be 
performed on the captured data. 
Assessment of Skin Blood Perfusion The subjects were placed in a 
comfortable position with the forearm fixed. Room temperature was kept 
constant at 25' e during experiments. During measurement the scanner 
head was positioned about 16 cm above the area of measurement. At this 
distance, the beam was approximately 1.2 mm wide and the distance be-
tween two adjacent measurement sites was about 1.5 mm. This enabled 
inclusion of both the point of insertion and the probe tip area (a 10 cm X 
10 cm area). A scan of this test area (64 X 64 sitcs) takes approximately 4 
lnin. 
Experimental Design Microdialysis probes were inserted in the ventral 
forearm skin of three volunteers. In two subjects (A and B) probe guides were 
inserted without prior anesthesia. In the remaining subject (e), 0.05 ml 
mepivacaine 5 mg/ml (earbocain Astra, Sweden) was injccted intracutane-
ously immediately prior to insertion. LDI maps were performed prior to 
administration of anesthetic, after guide insertion, after probe insertion and 
then at 5, 10, 15, 20, 25, 30, 40, 50, and 60 min, and also at 24 h. The site of 
insertion and the area above the tip of the probe were marked with black ink 
which was known to absorb the laser li ght and thus give a non perfusion 
(background) value, gray in color, on the LDI map. Probes were perfused 
with Ringer's solution at a flow rate of3 ILl/min. Probe depth was estimated 
by ultrasound (Dermascan A) after the 60-min LDI measurement. 
In the second part of the study, concerning skin anesthesia, the effect of 
guide-insertion through anesthetized and unanesthetized skin was com-
pared. In the same three subjects as above, on a different occasion, three 
equidistant points 4 em apart were marked on the skin of the forearm. Two 
points were anesthctized as described above. Through one of the two points 
the tip of the guide was inserted (no turmelating was performed). The same 
maneuver was performed through the unanesthetized slcin point. The third 
point was a control (anesthesia only). An area in the same mapping area was 
subsequently chosen as a normal arca. LDI mapping was performed prior to 
and immediately (about 1 min) after guide insertion, and at 5,10,15,20,25, 
30, 40, 50, 60, 70, and 80 min after insertion. LDI mapping was also 
performed after 24 h and 48 h. 
Data Analysis The LDI technique stores a perfusion value for each of the 
measurement sites in the recorded area. It is therefore possible to calculate 
the average blood perfusion for areas of various sizc. Data for areas of interest 
(around the point of insertion and the probe tip) could thus be analyzed using 
various chosen numbers of measurement sites. The grey points (background 
values) in the perfusion image caused by the black ink markings on the slcin 
functioned as reference points, and were not included in the calculations. 
RESULTS 
Probe insertion caused slight pain, but this was well tolerated. Vari-
able degrees of erythema around the point of insertion and the probe 
tip were noted. Figure 1 shows LDI maps for subjectB, in whom the 
changes, at first homogeneous were subsequently bifocal (centering 
around the point of insertion and the probe tip). 
To present results in numerical form, areas around the point of 
insertion and in the test area around the probe tip \>.,rere selected for 
analysis from the stored data. Using the reference markers for point 
of insertion and probe tip, the largest square centering on the points 
that did not invol ve overlap of the data was chosen. The direction of 
the probes was diagonal through the analysis squares. Data for these 
11 X 11 measurement point areas (approximately 16 mm X 
16 mm) for the three subjects at all time points are shown in Fig 
2a,b. Average perfusion levels increased at both the point of inser-
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tion (Fig 2a) and at the probe tip (Fig 211). The response at the point 
of insertion in subject C (in whom the point of insertion was anes-
thetized) was less pronounced than in the other two subjects. The 
response around the probe tip was small in subject A in whom the 
probe depth was deeper than usual (2.10 mm in subject A compared 
to 1.00 mm and 0.99 mm in subjects Band C, respectively). By 60 
min, perfusion levels were comparable with 24-h values. At 24 h 
the increase in cutaneous circulation was confined to the actual area 
of needle prick damage. 
To test whether different sized analysis areas affected results, data 
analysis was repeated for areas both smaller (5 X 5, 7 X 7 measure-
ment sites), and larger (15 X 15 and 19 X 19 measurement sites) 
than the 11 X 11 measurement site area (Fig 3) . The results for 
subject B are shown in Fig 4a,b. 
Around the probe tip (Fig 4b), altering the analysis area had little 
effect on the peak perfusion values, the shape of the curve or the 
level at 60 min. From 20 to 50 min, there was a slight tendency for 
the larger analysis areas to have a lower perfusion value. The results 
for subject C were in agreement. The area size had no effect on 
results for subject A for whom the increase in perfusion was not at all 
marked. 
Around the site of insertion (Fig 4a), the shape of the perfusion 
curve was similar for all analysis areas. There was an inverse rela-
tionship between the size of the analysis area and both the peak 
perfusion values and the perfusion values at 60 min. (The high 
perfusion at the skin entry sites constituted a higher proportion of 
all sites in the smaller analysis areas .) The results for subject A 
showed similar trends. In subject C the anesthetized skin had shown 
no flare and measurement area size had no effect on results . 
In the second part of the study, guide insertion through unan-
esthetized skin gave comparable increase in blood flow in all three 
subjects. Figure 5 demonstrates the findings for subject B. In subject 
A, the time taken for blood perfusion to return to normal after guide 
insertion through unanesthetized skin was slightly longer than in 
the other two subjects. Anesthetization of the site of insertion abol-
ished the reactions in all subj ects. Readings for this point and for the 
point at which local anesthetic alone was injected without insertion 
of the guide were virtually the same as for the normal skin area. 
DISCUSSION 
Microdialysis technique promises to be an important new clinical 
research tool [16]. The present study illustrates the dermatologic 
application of microdialysis and givers information of primary rele-
vance to the question of vascular reactivity in the skin test site 
around the probe tip. LDI, a new technique that is not only non-
invasive but also non-touch, shows that the increases in cutaneous 
circulation after probe insertion center around the point of insertion 
and the tip of the probe where the guide is purposely directed more 
superficially. These findings, though based on only three individu-
als, are in agreement with our experience of naked eye observations 
of flares after a large number of probe insertions. The degree of the 
flare has been noted to vary between individuals and also in the same 
individual on different occasions. The source of this individual vari-
ation is likely to be multifactorial with probe depth, anatomical site, 
orthostatic position, and the dermatologic state of the patient (e.g., 
presence of atopy) as important factors. 
The increases in skin blood perfusion (in the approximately 
16 mm X 16 mm analysis area) begin to subside around 15 min 
after probe insertion. By 60 min, values are at near resting levels. In 
LDI studies of "pure" axon reflexes, in which antidromic neural 
conduction is produced by electrical stimulation [11]. skin circula-
tory changes had returned to normal by 30 min. The multiple Il;t-
ture of the nociceptive stimu li in the present study may explain the 
longer duration of the observed cutaneous response. 
Local anesthesia abolishes the axon reflex fl are at that point, 
seemingly without affecting the skin's abi li ty to generate an axon 
reflex a short distance away. This is in agreement with previous 
studies of the axon reflex in topically anesthetized and unanesthe-
tized skin [11]. We suggest that local anesthesia of the point of 
VOL. 102, NO.5 MAY 1994 SKIN CIRCULATORY CHANGES DURIN G MICRODIALYSIS 809 
Prior to insertion Directly after guide insertion Time:l0min 
Time:30min Time:40min Time:50min 
Perfusion 
Time:60min Time :24h 
Figure 1. LDI maps of blood perfusion in the skin of the ventral forearm of subj~ct B prior to, during and after insertion of a microdialysis probe through 
unanesthetized skin. After probe insertion the guide is withdrawn. Arrows at 10 ml11 show (grey backgrolmd color) the point of skin puncture and the tip of the 
probe. The probe was removed after 3 h. All images were colorcoded within the same range. 
guide insertion can be recommended because it makes the procedure 
more comfortable for the subject. 
An important advantage ofLDI is the ability to study variations in 
perfusion over relatively short time intervals (several minutes). This 
necessitates the use of short sampling times (10 measurements are 
performed and averaged during 10 ms). Thus, variations due to 
pulse wave and vasomotion are not taken into account. These varia-
tions are, however, considered to influence the output signal only to 
a mi nor extent compared to the large perfusion increase caused by 
the needle insertion and the actual presence of the microdialysis 
probe. 
LDI allows storage of the data that form the image for subsequent 
processing. In the comparison of the different test areas for numeri-
cal analysis, the 11 X 11 measurement site was selected as the most 
suitable. Increasing the area caused, at both sites, not only the possi-
bility of inclusion of "overlap" data but also decreased the mean 
perfusion figures, because peripheral areas without hyperemia were 
included. Decreasing the area allowed the effect of the grey 
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Figure 2. Average skin blood perfusion at the point of insertion (aJ and 
above the probe tip (bJ in subjects A, B, and C prior to, during, and after 
microdialysis probe insertion. T he measurement areas were approximately 
16 mm X 16 mm (11 X 11 measurement sites), respectively. The reading 
5 min after insertion for subject B was lost. 
"marker points" to be proportionately more pronounced. An addi-
tional error was that the increase in blood flow at the point of skin 
puncture resulted in higher values at 60 min because the hyperemia 
at the point of skin puncture does not decrease until at least 48 h 
after injury. 
Another question of central importance is that of the effects of 
probe insertion on the tissue in the immediate vicinity of the mem-
brane. Changes here (including changes in blood perfusion) will 
affect membrane recovery characteristics. The present study allows 
no definitive comment on blood perfusion immediately around the 
probe membrane, and further studies are warranted. The main pro-
portion of the laser Doppler signal from the skin is from the first 
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Figure J. Arrow, position of the microdialysis probe from the point of 
insertion through the skin to the probe tip. Heavily marked squares, largest 
data analysis squares not overlapping. Other squares, smaller or larger analysis 
squares used in Fig 4. 
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Figure 4. Average blood perfusion in subject B in skin areas smaller than 
(5 X 5 and 7 X 7 measurement sites) and larger than (15 X 15 and 19 X 19 
measurement sites) the 11 X 11 measurement point area shown in Fig 2. 
200 - 300 pm. Even the most superficially laid probe will be at two 
or three times that depth. Thus, in future investigations, efforts 
should be made to study superficially lying probes using high-reso-
lution LDI technique and detailed analysis of data from the probe tip 
area. 
W e have previously suggested, based on histamine studies, that 
40 min is a suitable period of equilibration for the study of cutaneous 
histamine provocation [4] . The present paper shows that some in-
crease in cutanous perfusion is still evident at 40 min. In studies in 
which an absolute return to normal perfusion levels is desirable, the 
equilibration time can be increased. In each individual study, how-
3.0 
~ 2 .5 
c: 
.~ 
..2 2.0 
... 
" c.. 
'<:! 
0 
1.5 
0 
iii 1.0 
" & 
" 
0 .5 > 
<r: 
0.0 
insenion 20 40 60 80 
Time 
guide+ nnesthesia 
guide 
anesthesia 
norlllal 
24 hr. 48 hr. 
Figure 5. Average skin blood perfusion at points of the ventral forearm in 
subject B. The effect of guide insertion through anesthetized and unanesthe-
tized skin was compared. Three equidistant points 4 cm apart were marked 
on the skin of the forearm. T wo points were anesthetized. Through one of 
the two anesthetized points the skin was penetrated by the tip of the guide. 
The same maneuver was performed through the unanesthetized skin point. 
The third point was a control (anesthesia only). A control (normal) area was 
chosen in the same mapping area. 
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ever, the substances sought and the experimental design need to be 
considered when deciding appropriate equi libration times. 
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